Abstract: This study examined predictors of the psychological adjustment of mothers of adolescents and young adults with CF. In our sample of 51 mothers (mean age 48 years) with at least one child with CF, aged between 16 and 25 years, high levels of anxiety and depression were found. Illness representations, in particular perceptions of the cyclical nature of CF and emotional representations of CF, were significantly associated with maternal psychological distress. Mother's work status was also found to be related to psychological adjustment. Mothers who had employment outside of the home were found to experience less psychological distress than mothers who did not work outside of the home. These findings have clinical implications for mothers of older children and young adults with CF. Annual screening of parental psychological adjustment is recommended. Interventions using extensions of cognitive behavioural therapy approaches to address negative illness perceptions may also have some utility for this population. Future research would benefit from also examining the role of factors such as child's clinical health status (e.g. BMI, frequency of hospitalisations) and treatment adherence, and financial implications of illness in predicting maternal distress.
Introduction
In the last three decades, there have been significant improvements in the treatment of Cystic fibrosis (CF). These changes have increased the lifespan of affected individuals from their early teens to 50 years and beyond (Canadian Cystic Fibrosis Association, 2008) . Thus, many of the earlier studies which examined parental adjustment and its predictors now have less relevance to the adjustment
PUBLIC INTEREST STATEMENT
This research highlights the importance of providing support for carers of individuals with chronic illness in addition to that needed for chronic illness patients themselves. This study highlights that a large percentage of mothers of teenagers and young adults with cystic fibrosis experience significant psychological distress. Factors such as not having employment outside of the home, knowing that their child's illness presents in regular "waves" and feeling overwhelmed by their child's CF were related to the mother's experience of distress. of today's families. There is even less data available which examines correlates and predictors of parental adjustment in the context of having older teens and young adults with CF in the family (Quittner et al., 2014) . The current study seeks to address this gap in the literature.
CF is a congenital illness which affects about one in every 2500 children born in Australia (Cystic Fibrosis Australia (CFA), 2015) . Individuals affected by CF experience a number of physical symptoms including breathing difficulties, a propensity for recurrent chest infections, poor processing of lipids and unusually salty sweat. Treatment of CF is centred upon the preservation and protection of the respiratory and digestive systems and usually includes regular chest physiotherapy, prescription of a variety of antibiotics, enzyme supplements and salt replacement therapy and nutritional modifications.
Parents of children with CF face a number of increased responsibilities in caring for their children's well-being compared to parents of children without a chronic illness (Driscoll, Montag-Leifling, Acton, & Modi, 2009 ). The practical support given by parents can often continue into children's teen and young adult years with CF patients often transitioning away from the family home at a later age than peers without chronic illness (Graetz, Shute, & Sawyer, 2000; Hamlett, Murphy, Hayes, & Doershuk, 1996) . Further individuals with CF can often find the transition from paediatric to adult care challenging and continue to seek support from their parents (Harris, Freeman, & Duke, 2011; Tuchman, Slap, & Britto, 2008) .
Recent research suggests that up to 50% of parents of children with CF may experience clinically significant symptoms of anxiety and up to 35% may experience clinically significant symptoms of depression. Dual presentations are also common (Driscoll et al., 2009; Quittner et al., 2014) . Driscoll et al. and Quittner et al.' s studies identified that both illness-specific and more general risk factors led to increased psychological distress for parents of children with CF. A caveat of reviewing this research for our discussion is that the children of parents included ranged from birth to 17 years, being younger than the majority of our participants' children. However, we are not aware of other studies which have examined correlates and predictors of parental adjustment of older teens and young adults. Driscoll et al. (2009) reported that depressive symptoms of mothers were associated with decreases in their child's lung functioning and increases in their own anxiety levels. Quittner et al. (2014) also identified that mother's depression was related to children receiving intravenous antibiotics and being involved in psychotherapy. Another study by Driscoll and colleagues also examined predictors of depression in caregivers of children with CF or Type 1 diabetes (Driscoll et al., 2010) . They found that increased family stress and lack of employment outside the home also contributed to caregivers' distress. Given the detrimental impact of depression on adaptive behaviours, such as adherence to treatment regimens, understanding factors which impact the development of depression in parents of children with chronic illness is a continuing research priority (DiMatteo, Lepper, & Croghan, 2000) .
Illness perceptions have been found to be a strong predictor of the psychological adjustment of individuals with acute and chronic illness (Hagger & Orbell, 2003) . Recent investigations have examined how illness perceptions can be used to understand caregiver's emotional and cognitive representations of a significant other's illness in illnesses such as heart disease and diabetes (Benyamini, Medalion, & Garfinkel, 2007; JoÃo Figueiras & Weinman, 2003; Olsen, Berg, & Wiebe, 2008) .
Given that there is consistent evidence that holding negative illness perceptions (e.g. many symptoms and consequences of illness and low efficacy of available treatments) is associated with increased incidence of depression and anxiety in chronic illness patients (Hagger & Orbell) it appears promising that the illness perceptions of parents of children with chronic illnesses, such as CF, may also be related to their psychological adjustment. Two studies have examined the illness perceptions of individual with CF (Bucks, Hawkins, Skinner, & Horn, 2009; Sawicki, Sellers, & Robinson, 2011) . Bucks et al. found that adolescents with CF reported greater adherence to treatment when they perceived their illness as being chronic and the treatment offered as being efficacious. Sawicki et al. examined the illness perceptions of adults with CF and identified that they had a stronger relationship to psychosocial aspects of quality of life than health-related quality of life indicators. Our study is the first known to us to examine the illness perceptions of parents of CF patients.
To summarise, our study extends the body of research examining both adjustment of parents of older children with CF and the body of research examining illness perceptions and their ability to predict psychological adjustment of caregivers. We present data outlining the illness perceptions of mothers of children with CF aged 16-25 years and their relationships to maternal adjustment. Extending upon the research of Driscoll and Quittner and their colleagues (e.g. Driscoll et al., 2009 Driscoll et al., , 2010 , we also examine the role of children's lung functioning and maternal employment to identify their role in predicting maternal psychological distress. Taken together, we predict that negative illness perceptions, compromised lung functioning in children and lack of maternal employment outside of the home will be predictive of the psychological distress of mothers of older teenagers and young adults with CF.
Method

Participants and procedure
Participants were recruited through three state-based CF support organisations in Australia. Eligible families from the patient registries were contacted by administration staff from the state organisations and were forwarded a study information package. Willing participants contacted the primary researcher and provided written consent for their participation. The primary researcher then forwarded the pen and paper questionnaire package which were then returned to the researchers via prepaid post. The study gained ethics approval by the University ethics committee.
While 90 mothers consented to being sent a questionnaire package, only 51 mothers returned the questionnaire package (M = 48.83 years, SD = 4.34 years). All participants had at least one child with CF aged between 16 and 25 years (M = 19.20 years, SD = 2.42 years) and for the majority of families the child or children with CF lived at home (71%). The majority of mothers (98%) identified themselves as being Caucasian and most (84%) engaged in either part-or full-time employment. Other key demographic data are presented in Table 1 . The cross-sectional data presented here were collected as a part of a larger, longitudinal study that also examined the adjustment of adolescents and young adults with CF (Beinke, 2011) . All parents of children 16-25 years with CF were eligible to participate in the study. However, given that less than 10% of the respondents were fathers and that gender differences in prevalence and predictors of psychological adjustment of mothers and fathers have been identified in previous studies (e.g. Driscoll et al., 2009) , we decided to focus our analysis on the experiences of mothers.
Measures
Demographics
Mothers completed a demographic questionnaire examining their age, ethnicity, education level, work status, annual household income and family structure.
Child lung functioning
For individuals with CF, lung functioning is most commonly assessed by comparing an individual's current lung capacity to the average lung capacity of individuals in the general population of the same sex and of a similar age and body composition. This is known as the percentage of predicted forced expiratory volume (FEV 1 %). A predicted FEV 1 % above 90% is considered to be indicative of normal lung function, 71-90% indicative of mild impairment, 41-70% indicating moderate impairment and less than 40% indicating severe impairment (Cystic fibrosis Australia, 2010). The most recent predicted FEV 1 % provided by a medical professional was obtained for the children of the mothers participating in the current study via self-report.
Illness perceptions
Mothers' cognitive representations of illness were measured using the Illness Perceptions Questionnaire-Revised (IPQ-R; Moss-Morris, Weinman, Petrie, Horne, Cameron, & Buick, 2002) . This measure examines individuals' perceptions of illness symptomatology, timeline (chronicity and cyclical nature), cure/control, consequences, causality, illness understanding, and emotional representations of illness. The symptom subscale included a 14-item symptom checklist and required mothers to indicate whether or not they believed particular symptoms (e.g. weight loss, fatigue) are related to CF. This item was measured with yes/no dichotomous response options. A total score was calculated by summing together the number of "yes" responses on each symptom subscale.
Mothers' perceptions of symptom management and curability of illness were measured on two subscales; one six-item scale examining personal control of illness (e.g. "People with CF have the power to influence their illness") and one five-item subscale examining participants' perceptions of the effectiveness of medical treatment (treatment control) for CF (e.g. "My child's treatment can control their CF"). Next, the consequences of illness subscale examined mothers' anticipated outcomes and effects stemming from the illness (e.g. "CF causes difficulties for those who are close to my child with CF") with six items. Perceptions of the nature of CF over time were assessed with the four items on the timeline-cyclical subscale (e.g. "CF is very unpredictable"). The timeline-acute/ chronic subscale from the original IPQ-R was not included in the current study as it was considered that little variability would be obtained on this measure and it may be considered insensitive by parents given the congenital nature of the illness. Mothers' overall understanding of CF and its implications was measured with the five-item illness coherence subscale (e.g. "CF is a mystery to me"). Finally, mothers' emotional representations of illness were examined on a six-item subscale (e.g. "When I think about my child's CF I become upset"). These final seven subscales of the IPQ-R required the participant to indicate the degree to which they endorsed each statement about CF on a five-point Likert-type scale (1-strongly disagree and 5-strongly agree). The causality subscale of the IPQ-R was not included in the current study as it was considered that all parents would be aware of the genetic cause of CF and little variability would be obtained.
Total scores for each of these subscales were calculated by summing each item in the subscale. The four-item scales had a possible score range of 4-16; for five-item scales the range was 5-25; and the range was 6-36 for the six-item scales. A high score on the consequences, emotional representations, timeline-cyclical subscales indicated negative perceptions of these domains of CF. High scores on the personal control, treatment control and illness coherence subscales indicated more positive perceptions of CF.
Our data analysis identified moderate to excellent internal reliability coefficients for all IPQ-R subscales. This is consistent with psychometric data obtained in the small, but growing, body of research examining illness perceptions in non-clinical populations (e.g. Anagnostopoulos & Spanea, 2005; Benyamini et al., 2007) . While this is the first study known to us to apply the IPQ-R to the examination of parental perceptions of CF, the IPQ-R has been applied to examining the association between illness perceptions and worry in partners of patients who have experienced heart attack (Broadbent, Ellis, Thomas, Gamble, & Petrie, 2009 ). Broadbent et al. (2009) reported that an intervention targeting negative illness perceptions reduced worry in the partners of heart attack patients. Thus, we considered that the IPQ-R was an appropriate measure to apply in the examination in the association between illness perceptions and psychological adjustment in parents of young people with CF.
Psychological adjustment
The brief version of the Depression Anxiety and Stress Scale (DASS-21; Lovibond & Lovibond, 1995) was used to measure mothers' adjustment. The DASS-21 consists of three subscales, each with seven items, assessing depression, anxiety and stress levels. The depression subscale examines symptoms such as disengagement, pessimism and gloominess (e.g. "I felt that I had nothing to look forward to"). The anxiety subscale examines autonomic arousal, and acute anxiety-related experiences (e.g. "I was worried about situations in which I might panic and make a fool of myself"); whereas the stress subscale examines features of chronic, non-specific anxious affect (e.g. "I found it difficult to relax").
Participants responded to questions in relation to their experiences in the past week on a 4-point Likert-type scale (0-did not apply to me at all to 3-applied to me very much, or most of the time). Items within each subscale of the DASS-21 were summed to give a preliminary total score and then doubled to allow interpretation of scores using criteria set for the DASS-42. While excellent internal consistency was obtained for all subscales, large and significant correlations were observed between the three subscales. Thus, it was considered that patient psychological functioning may best be represented with one global score of psychological adjustment incorporating participant's anxiety, stress and depression scores.
Results
Missing data
For the demographic, illness perception and adjustment data no more than 5% of missing data was identified on any one variable. Mean substitution procedures as recommended by relevant scale authors (i.e. Lovibond & Lovibond, 1995; Moss-Morris et al., 2002) were followed as appropriate for the IPQ-R and DASS. For lung functioning data (FEV 1 %), there were significant missing data (42%). No replacements were made for this data. Table 2 displays descriptive data for the maternal IPQ-R and DASS ratings. On the depression and anxiety subscales, the mean scores were in the mild range of clinical impairment with reference to Lovibond and Lovibond's (1995) clinical severity categorisation guidelines. The mean stress score for mothers was in the normal range. While only 12.80% of mothers reported stress ratings in the mild, moderate or severe clinical range, 43.10% of mothers reported mild, moderate or severe symptoms of depression and 58.80% of mothers reported mild, moderate or severe symptoms of anxiety.
DASS data
Associations between parent's ratings of depression, anxiety and stress were examined using Pearson's r correlation. All analyses were completed using SPSS version 22, with significance tested at p = .05. As shown in Table 3 , strong correlations between the stress, anxiety and depression subscales were identified. Given the significant overlap between these subscales and the actual comorbidity of anxiety, stress and depression in the population (Lamers et al., 2011) , we calculated a total distress score (consistent with recommendations of Lovibond & Lovibond, 1995) by summing the three DASS subscale totals (see Table 2 for descriptive statistics).
Identification of possible regression predictor variables
Our first analyses examined whether children's lung functioning status (predicted FEV 1 %) and mothers' work status impacted mothers' overall distress ratings. Analysis of variance was used to examine the impact of predicted FEV 1 % on distress ratings and a t-test was used to examine the impact of work status on distress ratings. Distress ratings of mothers did not significantly differ between those whose children had normal lung functioning (M = 35.75, SD = 13.32, SE = 6.66) and mild (M = 35.33, SD = 10.61, SE = 3.53), moderate (M = 26.67, SD = 4.55, SE = 1.57), or severe lung impairment (M = 32.00, SD = 7.11, SE = 3.55); F(3, 26) = 1.72, p = .191, ηp 2 = .19. It is noted that there was significant missing data for this variable which likely impacted the outcomes of this analysis.
Mothers' work status, however, was found to have a significant impact on their distress ratings (t (49) Pearson's r correlational analyses were used to examine relationships between mothers' perceptions of CF, as measured by the IPQ-R, and their psychological adjustment as measured by the DASS (see Table 3 ). Mothers' perceptions of cyclical nature of CF and their emotional representations of CF were significantly associated with distress ratings. Distress ratings increased as mothers' perceived their children's CF to have a greater cyclical nature and as mothers' frequency of negative emotions associated with CF increased.
Before the final regression analysis was completed, the impact of CF patient residential status on mother's illness perception and psychological adjustment variables were investigated with t-tests. The analyses identified that mothers whose children with CF lived at home did not differ from mothers whose children with CF did not reside at home on any of the IPQ-R and psychological distress variables included in the regression model. A chi-square analysis was also completed to identify possible differences in work status ratings between mothers who did and did not have children living at home with CF. Again, no significant differences were identified.
Regression analyses
Next, a multiple regression analysis was completed to determine the relative importance of work status, timeline (cyclical) representations and emotional representations of CF in predicting mothers' distress ratings. Work status was entered as a dummy coded variable. The regression model accounted for significant variance in mothers' distress ratings (R 2 = .35; F(3, 47) = 8.29, p < .0001).
Emotional representations of CF accounted for the largest proportion of variance (16%) in distress (t(49) = 3.35, p = .002). Work status made a marginally significant contribution to the model, accounting for 5% of the variance in distress (t(49) = 1.94, p = .058). Finally, perceptions of the cyclical nature of CF did not account for significant variance in the model (sr 2 = .04; (t(49) = 1.62, p = .112)). Thus, 10% of the variance in distress accounted for by the model was shared between the predictor variables.
Discussion
To our knowledge, this is the first study to examine the utility of illness perceptions, child's lung functioning, and maternal employment ratings in predicting psychological distress of mothers of adolescents and young adults with CF. Overall, the sample reported high ratings of depression and anxiety symptoms. While it is noted that different measures were used in our study and that of Driscoll et al. (2009) and Quittner et al. (2014) who investigated mothers of younger children with CF, mothers in our sample reported higher levels of depression (43% vs. 35%) and anxiety (59% vs. 50%). Mothers in our sample were also approximately 10 years older, on average, than those in Driscoll et al.'s and Quittner et al's research, which may have impacted these outcomes. It is also likely that the impact of being a key support person, facilitator of treatment and coping with fluctuations in their child's health for nearly two or more decades, not to mention the psychological burden of the potentially life-threatening nature of their child's illness, would likely contribute to the high levels of psychological distress reported by mothers in this study. However, it is also possible that mothers experiencing greater distress may have also been more likely to participate in the research than those who were are coping well as they may have found the research more relevant to their experiences.
Mothers' overall distress ratings did not appear to be impacted by child's lung functioning as it had been in research involving younger samples. It is possible that lung functioning of children may be a less important factor in maternal adjustment of teens and young adults with CF than it is for those with younger children with this illness. However, given the significant missing data from this variable, this finding needs to be interpreted with caution. It is also noted that the collection of lung functioning data from families via a self-report protocol was a limitation of our data collection procedures. Future research may benefit from obtaining data directly from the children's medical practitioners to reduce missing data and to ensure accuracy of data obtained.
As predicted, work status did have a significant relationship with the psychological distress in our study. Our results identified that mothers who did not have full-time work outside of the home experienced more symptoms of distress than mothers who had external employment. Future research would benefit from further investigating the relationship between maternal employment and distress ratings. There are several possibilities as to why this relationship may occur. Firstly, it is possible that mothers may not take on external work if their children experience a more severe CF presentation. While we considered maternal employment status to be a predictor of distress, it is also possible that mothers who experience more symptoms of distress may be less likely to seek or maintain external employment. Finally, it is also possible that experiences related to working outside of the home may serve as a protective factor for psychological adjustment.
Regarding the utility of illness perceptions in predicting maternal adjustment outcomes, perceptions of the cyclical nature of CF and emotional representations of CF were associated with maternal distress ratings. The identification of specific illness perceptions as factors which have significant relationships with maternal adjustment indicators builds upon the growing body of research which has identified associations between illness perceptions and psychological outcomes for a range of patient groups with chronic illness (Hagger & Orbell, 2003) . However, it is noted that there were a number of subscales of the IPQ-R which did not correlate significantly with maternal distress. Namely, those which related to perceptions of CF symptoms, consequences of CF, personal and treatment controllability of CF and overall understanding of CF. Given that most individuals with CF in the 16-25 age group had transitioned from paediatric to adult care and begun to take responsibility for day-to-day management and treatment aspects of CF, the parent's role in CF management would be decreasing. This may contribute to perceptions of CF relating to these components of CF being less pertinent to parent adjustment. Therefore, we now consider that illness perceptions of CF may have more relevance to parents of younger CF patients than those of teens and young adults.
The regression analysis identified the individual contributions of maternal work status, emotional representations of CF and perceptions of the cyclical nature of CF in predicting maternal psychological distress. It was revealed in this analysis that emotional representations and work status accounted for significant and marginally significant variance in distress rating, respectively. While these results obtained appear promising in helping to understand potential predictors of distress in mothers of older teenagers and adolescents with CF, it is noted that the cross-sectional design and the small sample size of this study are limitations which impact the interpretation and application of these results. Longitudinal research with a larger sample size would be recommended for future investigations within these domains.
Further to areas for future research, as noted above it is now considered that some aspects of illness perceptions may be more suited to the experience of parents with younger children with CF. Replication and extension (longitudinal design) of this study with families of younger CF patients is recommended. Given that illness perceptions did not have as greater utility in predicting maternal distress as first considered, it is important that other factors which may contribute to maternal distress in families with older children with CF also be examined. In addition to lung functioning and work status examined in our study, in a recent review Quittner et al. (2016) have identified that lower patient body mass index and treatment adherence, frequency of CF patient hospitalisations, cost of health care and worse health-related quality of life are important factors to consider in terms of parental adjustment in families coping with CF.
From a clinical perspective, our study identifies that mothers of older children with CF would benefit from assessment of depression, stress and anxiety symptoms, possibly as a component of their children's regular tune up assessments (Goldbeck, Fidika, Herle, & Quittner, 2015; Quittner et al., 2014 Quittner et al., , 2016 . Our findings also suggested that therapeutic assessment of mother's illness perceptions of CF, in particular emotional representations of CF and perceptions of the cyclical nature of CF may also be beneficial. Cognitive behavioural therapy, and more recently, acceptance and commitment therapy protocols have been demonstrated to be efficacious in the treatment of depression and anxiety symptoms in the context of chronic illness (Butler, Chapman, Forman, & Beck, 2006; Hoffmann, Sawyer, Witt, & Oh, 2010) . There is also emerging evidence regarding the applications of cognitive behavioural techniques to assist with addressing negative illness perceptions of individuals with chronic illness (Keogh et al., 2007; Petrie, Cameron, Ellis, Buick, & Weinman, 2002) and their partners (Broadbent et al., 2009) . The outcomes of our study and correlates of parental adjustment identified in Quittner et al.'s (2016) research also suggest that a comprehensive clinical assessment of medical, familial, social and financial factors which may be impacting upon maternal well-being is important in the conceptualisation and treatment of mother's psychological distress. In addition to psychological therapy, links to community support services may be required to assist with factors such as financial difficulty or engaging in employment.
